




            OPTICAL AND THERMOLUMINESCENCE PROPERTIES OF SAMARIUM OR 
DYSPROSIUM DOPED LITHIUM BORATE GLASS  




A thesis submitted in fulfilment of the 
requirements for the award of the degree of 






Faculty of Science 















I dedicate this work  
 
 
To my dear parents 
Saifeddin Said Nazzal 
Intisar Mohammad Nazzal 
Ina’am Yousef Dawaud 
 
To my lovely husband 
Dr. Waheeb Abdel rahman Abu-Ulbeh 
To my kids 
Aon and Azm 
Whose love, kindness, patience and prayer have brought me this far 
 
To my siblings 
For their endless laughs and tears 
 
To my niece and nephew 
Whose presence fills my life with joy 
 
To my friends 
For their love, understanding and support through my Endeavour 
 
 


















In the name of Allah, the Most Gracious, Most Merciful. Praise to Allah S.W.T, 
Peace and blessings of Allah upon His Messenger, Muhammad S.A.W, and all his family 
and companions. 
I would like to express my deepest thanks and gratitude to my supervisor Dr. 
Suhairul Hashim UTM-Malaysia, for his keen supervision, initiating and planning this 
study, great help, and scientific guidance. 
Sincere thanks and appreciations to all my friends in the Physics Department who 
are supported me during my study. Many thanks to all people who helped me in my 
study, in particular Dr. Yasser Alajermi 
Last but not least, special thanks to my husband (Dr. Waheeb), my father 
(Saifeddin) and my mother (Intesar) who supported me with patience and forbearance, to 































Borate glass is widely used in many scientific studies. By using melt-quenching 
technique ten samples of lithium sodium borate (LNB) doped with different 
concentrations of samarium oxide (Sm2O3) and dysprosium oxide (Dy2O3) were 
prepared. To investigate the influence of dopant on the optical and physical 
characteristics of the glass, X-ray Diffraction, DTA, FTIR, UV-vis-Spectroscopy and 
Photoluminescence analyses were performed. The amorphous nature was confirmed by 
X-ray diffraction technique. The physical parameters involved are density, molar volume, 
ion concentration, inter-nuclear distance and Polaron radius. The absorption transitions of 
Sm3+ starts from 6H5/2 with hypersensitive transition at 1221 nm and the Dy
3+ starts from 
6H15/2 with hypersensitive transition at 1256 nm. The photoluminescence emission spectra 
of LNB:Sm have been associated with the excitation of 544 nm, 600 nm, 613 nm, 720 nm 
and 747 nm, and generated at 4I7/2 → 6H5/2 (green color), 4I7/2 → 6H7/2 (orange color),    
4I7/2 → 6H9/2 (orange color), 4I7/2 → 6H11/2 (red color) and 4I7/2 → 6H13/2 (red color) 
respectively. LNB:Dy was due to the transition of Dy3+ at 4F5/2 → 6H15/2 and                 
4F5/2 → 6H13/2, the photoluminescence studies showed two peaks at 479 nm (blue color) 
and 587 nm (green color) for all samples except the pure glass sample of lithium sodium 
borate. The glow curve exhibited a single peak at 164 ºC. The results show that the 
appropriate annealing procedure for dysprosium doped LNB is 300 °C for 30 minutes. 
Regarding the heating rate optimization, it was found that the appropriate heating rate of 
the proposed dosimeter is 6 °C. s-1. A linear dose response has been observed for photon 
(R2= 0.998) and electron (R2= 0.977) irradiation at 6 MV and 6 MeV, respectively. The 
glass dosimeter showed higher sensitivity for electron compared to photon response. The 
proposed TL dosimeter with concentration of 0.7 mol% of Dy2O3 has been observed to 












Kaca borat digunakan secara meluas dalam banyak kajian saintifik. Dengan 
menggunakan teknik sepuh-lindap, 10 sampel litium natrium borat yang telah didopkan 
dengan kepekatan oksida samarium (Sm2O3) dan oksida dysprosium (Dy2O3) yang 
berbeza telah disediakan. Untuk mengkaji kesan pendopan ke atas ciri-ciri optikal dan 
fizikal kaca, pembelauan sinar-X, DTA, FTIR, Spektroskopi UV-vis dan analisis 
fotoluminesens (PL) telah dijalankan. Sifat amorfus telah disahkan dengan teknik 
pembelauan sinar-X. Parameter-parameter fizikal yang terlibat adalah ketumpatan, 
isipadu molar, kepekatan ion, jarak antara nuklear dan jejari Polaron. Peralihan 
penyerapan Sm3+ bermula dari 6H5/2 dengan peralihan hipersensitif pada 1221 nm dan 
Dy3+ bermula dari 6H15/2 dengan peralihan hipersensitif pada 1256 nm. Spektrum 
pancaran fotoluminesens daripada LNB:Sm yang berkaitan dengan pengujaan pada     
544 nm, 600 nm, 613 nm, 720 nm dan 747 nm, masing-masing dijanakan pada              
4I7/2 → 6H5/2 (warna hijau), 4I7/2 → 6H7/2 (warna  oren),   4I7/2 → 6H9/2 (warna oren),      
4I7/2 → 6H11/2 (warna merah) dan 4I7/2 → 6H13/2 (warna merah). LNB:Dy adalah 
disebabkan oleh peralihan Dy3+ ion pada 4F5/2 - 
6H15/2 dan 
4F5/2 → 6H13/2, kajian 
fotoluminesens menunjukkan dua puncak pada 479 nm (warna biru) dan 587 nm (warna 
hijau) untuk semua sampel kaca kecuali sampel tulen litium natrium borat. Lengkung 
berbara menunjukkan puncak tunggal pada 164°C. Dapatan menunjukkan bahawa 
prosedur sepuh-lindap yang sesuai untuk LNB didopkan dysprosium ialah 300 °C selama 
30 minit. Untuk kadar pemanasan optimum, didapati bahawa kadar pemanasan yang 
bersesuaian bagi dosimeter adalah 6 °C.s-1. Sambutan dos linear terhadap penyinaran 
foton (R2 = 0.998) dan elektron (R2 = 0.977) masing-masing telah dicerap pada 6 MV dan 
6 MeV. Dosimeter kaca ini menunjukkan kepekaan yang lebih tinggi untuk elektron 
berbanding sambutan foton. Dosimeter Luminesens Terma (TL) yang dicadangkan pada 
kepekatan 0.7 mol% Dy2O3
 telah menunjukkan kepekaan 80 kali lebih rendah berbanding 
TLD-100. 
